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Abstract

Opioid use disorder affects over 26 million individuals worldwide. There are currently three World Health Organization-
recommended and US Food and Drug Administration-approved medication treatments for opioid use disorder: the full opioid
agonist methadone, the opioid partial agonist buprenorphine, and the opioid receptor antagonist naltrexone. We provide a
review of the use of buprenorphine for the treatment of opioid use disorder and discuss the barriers, challenges, risks, and
efficacy of buprenorphine treatment vs. other treatments. Although evidence from numerous studies has shown buprenor-
phine to be effective for the treatment of opioid use disorder, a majority of patients with opioid use disorder do not receive
buprenorphine, or any other medical treatment. We review the different formulations of buprenorphine, including newer
long-acting injectable formulations that may decrease the risk of diversion and improve adherence.

Buprenorphine is an effective maintenance treatment for
opioid use disorder.

Use of buprenorphine as a medically supervised with-
drawal medication without maintenance pharmacother-
apy to promote abstinence leads to high rates of relapse
(over 90% in some studies).

Risks of buprenorphine when used for maintenance
treatment most commonly include sedation, diversion,
and constipation.

New long-acting formulations of buprenorphine may
help adherence while decreasing abuse and diversion
liability.
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1 Opioid Use Disorder

Opioid use disorder affects over 26 million individuals
worldwide, with the highest prevalence in the high-income
countries of North America [1]. It is estimated that 2.4
million Americans currently have opioid use disorder,
including individuals in virtually every region of the USA.
[2]. The prognosis for opioid use disorder is poor if left
untreated, with significant morbidity and mortality resulting
from opioid overdose [3]. Three medication treatments are
recommended by the World Health Organization [4] and
are US Food and Drug Administration (FDA) approved for
the treatment of opioid use disorder: (1) the opioid receptor
full agonist methadone, (2) the opioid receptor antagonist
naltrexone (first approved in an oral form for daily admin-
istration, and more recently as an extended-release monthly
injection; brand name: Vivitrol®), and (3) the opioid recep-
tor partial agonist buprenorphine, available as sublingual
or buccal tablets or films, a skin patch (indicated for pain
management), and extended-release parenteral formulations
(injection or implant) [5]. When taken as directed, these
medications are highly effective, enabling a large propor-
tion of patients to achieve either abstinence or a substantial
reduction in opioid use, also reducing the risk of overdose
if a patient uses opioids. However, most people with opioid
use disorder are not receiving medication treatment, a gap
that urgently needs to be filled [6, 7]. Of these available
medications, buprenorphine is currently the most widely
prescribed and has, arguably, the greatest potential for
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widespread dissemination owing to its relative ease of use
and safety. In what follows, we review the history, mecha-
nism, evidence for effectiveness, and available formulations
of buprenorphine.

2 Prototype of the Agonist Treatment
Strategy

Methadone was the first medication treatment for opioid use
disorder, and the prototype of the agonist treatment strategy
of which buprenorphine is another example. Methadone
was first synthesized in Germany in the 1940s as a syn-
thetic opioid analgesic and is still used for the management
of severe pain [8]. Methadone is potent, orally bioavailable
with slow absorption (by the oral route), and has a long half-
life (approximately 24 h). Hallmarks of the agonist treatment
strategy for addiction treatment include slow absorption,
which reduces the tendency to produce a rush or “high,”
and slow elimination, which avoids the rapid emergence of
withdrawal symptoms [9].

Methadone maintenance treatment for opioid use dis-
order was first developed and shown to be effective by
Dole, Nyswander, and Kreek in the 1960s [10, 11]. They
hypothesized that heroin addiction was a disease of the brain
with behavioral manifestations and not simply a personal-
ity disorder or criminal behavior. Methadone was studied
to find a medication to: (1) prevent opiate withdrawal; (2)
reduce “drug hunger” or craving; and (3) normalize physi-
ologic functions. Methadone also had the added benefit of
a “narcotic blockade” to prevent euphoria from additional
opiate use [12]. When titrated to the effective dose range
(80-120 mg per day), methadone produces a blockade of
opioid effects, presumably by inducing tolerance [10]. When
patients use heroin or other illicit opioids while maintained
on adequately dosed methadone, they often report some-
thing to the effect: “I felt nothing, realized I was wasting
my money, so I stopped using.” Tolerance also presumably
underlies the effect of methadone to protect against opi-
oid overdose. Much of the early methadone literature was
focused on the public health concerns of criminality and
unemployment that occur concomitantly with heroin addic-
tion. Methadone was shown to decrease criminal behavior
[13], human immunodeficiency virus, and other infectious
disease risk, while also promoting abstinence, and protecting
against overdose [14, 15].

Buprenorphine for opioid use disorder works as a mainte-
nance treatment with a long duration of action [16], with the
added benefit of providing only partial mu-opioid receptor
agonism along with high receptor affinity [17]. These neuro-
physiological properties make buprenorphine attractive as a
long-term maintenance treatment of opioid use disorder. The
high receptor affinity of buprenorphine protects against both
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overdose and reinforcing effects in the case of use with full
agonist opioids. At the same time, the only partial agonism
at the mu-opioid receptor prevents overdose and intoxication
related to buprenorphine itself.

3 Barriers to Dissemination of Medication
Treatments for Opioid Use Disorder

Despite the numerous studies that have documented the
safety and efficacy of methadone, buprenorphine, and
extended-release injectable naltrexone (XR-naltrexone) in
treating opioid use disorder [18], access to these treatments
remains limited. This is in part owing to safety concerns—
initiation of methadone can increase the risk of overdose if
the dose is raised too quickly or combined with illicit drugs
before tolerance has fully set in. Prescription of methadone
for the treatment of opioid use disorder is usually govern-
ment regulated, with the stringency of regulations differing
by country. In the USA, methadone is limited by federal
law to specially licensed, closely regulated clinics that must
operate under strict guidelines—requiring, for example, that
patients attend the clinic daily at the outset for observed
dosing. These barriers associated with methadone treatment
limit its attractiveness and acceptability to patients. Indi-
viduals without convenient access to specialized methadone
clinics are significantly less likely to enroll in treatment [19].
In contrast France, the UK, and Canada all allow methadone
to be prescribed by a physician with no special training and
to be dispensed by a community pharmacy with less restric-
tive regulation [20, 21].

Buprenorphine, in contrast, has less restrictive restric-
tions in many countries. It was introduced to the USA for the
treatment of opioid use disorder under the Drug Addiction
Treatment Act of 2000 [22], which allows it to be prescribed
on an outpatient basis by any licensed physician (or nurse
practitioner or physician assistant) who has undergone a
modest amount of training and received a “waiver” certify-
ing completion of training. In the USA, buprenorphine can
be dispensed at any retail pharmacy.

With regard to the clinical barriers associated with start-
ing a medication for opioid use disorder, buprenorphine
is relatively easy to initiate. In contrast to XR-naltrexone,
which requires patients to be fully withdrawn before the
medicine can be initiated, buprenorphine only requires
patients to manifest at least mild withdrawal symptoms, at
which point the medication can be started. Because of its rel-
ative ease of use, buprenorphine has great potential for wide-
spread dissemination across the treatment system. Despite
this, there is still a shortage of buprenorphine providers.
Even in developed countries such as the USA, many pro-
viders either do not or minimally prescribe buprenorphine
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[23-25]. In many developing countries, buprenorphine may
not be available at all [26, 27].

4 Development, Indications, and Regulatory
Status

In 1966, John Lewis, at Reckitt and Coleman, which was
then primarily a home products company, discovered
buprenorphine [28]. The goal had been to develop an opioid
analgesic with less abuse potential. After its discovery, tri-
als began through the Addiction Research Center at the Fed-
eral Narcotics Hospital in Lexington, Kentucky. In 1975, at
the Committee on Problems of Drug Dependence, Donald
Jasinski proposed buprenorphine as an attractive alternative
to methadone for opioid treatment because of its unique
profile as a mu-opioid receptor partial agonist, producing
less tolerance and less intoxicating effects. This includes
less respiratory depression compared with full agonists, as
well as a blockade of opioid effects at adequate doses (simi-
lar to the antagonist naltrexone) owing to its high receptor
affinity [29]. A long serum half-life (approximately 28-37 h
if taken sublingually) [16] and a long duration of activity
at receptors contribute to the attractiveness of its mecha-
nism as a treatment for opioid use disorder. Buprenorphine
was also found to be a kappa-opioid receptor antagonist.
Agonists at the kappa receptor produce dysphoric effects,
and thus it has been hypothesized that antagonists at the
endogenous kappa system might oppose the dysphoria that
accompanies withdrawal from opioids, or exert antidepres-
sant effects [30, 31].

4.1 Buprenorphine as an Analgesic

Buprenorphine was first approved for clinical use as an anal-
gesic in a parenteral formulation for acute and post-operative
pain. In the UK, buprenorphine was approved in 1978 and
marketed for pain in an injectable form, and several years
later in a sublingual form. In the USA, parenteral buprenor-
phine (brand name: Buprenex®) was approved for acute or
post-operative pain in 1985. Buprenorphine was subsequently
formulated as a skin patch (brand name: Butrans® patch) with
a l-week duration of effect for the treatment of subacute or
chronic pain. Recently, a buccal film (brand name: Belbuca®)
has also been approved in the USA for the treatment of pain.
This indication is particularly relevant for individuals with
comorbid pain and opioid use disorder as buprenorphine may
be helpful as a treatment for both. The patch or buccal film
are good alternatives for patients requiring opioid analgesia
who also manifest signs of opioid misuse (taking more than
the prescribed dose, requesting increased doses in the absence
of changes in the underlying cause of the pain), or develop
opioid use disorder.

4.2 Buprenorphine for the Treatment of Opioid
Use Disorder: Regulatory Status and Training
Requirements

Buprenorphine, by the sublingual route of administration,
was initially adopted as an office-based outpatient treatment
for opioid use disorder in France in the 1990s, and was later
FDA approved in the USA in 2002. Buprenorphine is cur-
rently approved for the indication of opioid use disorder
maintenance treatment in more than 45 countries. It has
been included in the World Health Organization model list
of essential drugs [32], and recent efforts have expanded
the use of buprenorphine in many countries that had previ-
ously not had access [33-35]. However, many barriers still
exist [36].

For the opioid substitution medications, most countries
have strict restrictions on who may prescribe or adminis-
ter these medications, and in what setting. Swedish opioid
agonist treatment programs have strict inclusion and exclu-
sion criteria, excluding illicit use of specific opioids [37].
In India, opioid use disorder agonist maintenance treatment
is delivered only by government-run centers and acquired
immune deficiency syndrome-based non-government organ-
izations [38]. In some countries, such as Russia, opioid ago-
nist maintenance treatment is not offered at all [39].

France, in contrast, adopted outpatient maintenance with
buprenorphine for general practitioners in response to a
growing opioid problem in the country. A feasibility study
performed in France, starting in 1993, found that outpatient
treatment of 50 individuals with buprenorphine maintenance
was both feasible and clinically effective with opioid-posi-
tive urine toxicology decreasing from close to 100% at base-
line to below 10% after 12 months of treatment [40]. Based
on this experience, the French policy surrounding the use of
buprenorphine facilitated its use in the community starting
in 1996. No additional training requirements were imposed
on prescribers; there were no specific urine testing require-
ments, and pharmacists were allowed to observe the patient
taking the medication, if specified by the physician. By
2001, about 75,000 individuals were prescribed buprenor-
phine in France, mostly by primary care physicians [41].
Nationwide rates of opioid overdose in France were dramati-
cally reduced after the introduction of buprenorphine, sup-
porting the clinical effectiveness of buprenorphine and the
public health initiative under which it was introduced [42].

In the USA, regulatory restrictions on the use of opioid
agonists (or partial agonists) for the treatment of opioid
use disorder required new legislation to allow for the use
of buprenorphine outside of supervised administration clin-
ics. An initial proposal was made in 1995 to amend the law
to allow for outpatient prescription, and this was eventu-
ally approved after a lengthy debate and revision process in
2000—the Drug Addiction Treatment Act of 2000. In 2002,
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the FDA approved buprenorphine for the use of opioid use
disorder [22].

Under the US Drug Addiction Treatment Act of 2000,
buprenorphine can be dispensed by a non-specialized phar-
macy if prescribed by any medical practitioner who has
undergone an 8-h training course on the use of buprenor-
phine. Recently, in response to the growing opioid epidemic
in the USA, the Federal Government, through the Substance
Abuse and Mental Health Services Administration, funded
the Prescribers Clinical Support System for Medication
Assisted Treatment [43]—a free web-based training resource
offering the required 8-h training course through the Pro-
viders Clinical Support System at https://pcssnow.org. In
addition, there are web-based training modules on a range of
related topics relevant to the treatment of opioid use disorder
(such as psychiatric and medical co-occurring disorders),
and the evaluation and management of pain.

The law also placed a limit of 30 individuals treated by a
given provider at any one time. A later addendum allowed
for providers to request to increase this number to 100 indi-
viduals after a minimum of 1 year at the capacity of 30.
More recently, the upper limit on the number of patients pre-
scribed per prescriber was increased to 275 for individuals
who have had a waiver to treat 100 patients for at least a year
and who meet certain requirements. This includes having
specialized certification as an addiction specialist or work-
ing in treatment programs meeting specific requirements.
The law was also modified to allow physician assistants and
nurse practitioners to prescribe as well, after completion of
an expanded 24-h training course.

5 Effectiveness of Buprenorphine
for Medically Supervised Opioid
Withdrawal

When individuals have taken opioids regularly over a
sustained period of time (either illicitly or for pain man-
agement), physiologic dependence develops, and abrupt
cessation of opioids produces a characteristic withdrawal
syndrome. Signs and symptoms may include autonomic
hyperactivity (sweating, chills, lacrimation, tremor, pupil-
lary dilatation, and piloerection), gastrointestinal distress
(nausea, intestinal cramping, diarrhea, vomiting), yawn-
ing, rhinorrhea, sneezing, body aches, anxiety, and dys-
phoria. Though rarely life threatening, opioid withdrawal is
extremely unpleasant, and is the main driver of continued
opioid use among those who have developed physiological
dependence and/or opioid use disorder. Opioid withdrawal
can be treated with a slow taper of opioid dosage, prefer-
ably with an agent with a long half-life such as methadone
or buprenorphine, to avoid abrupt variations in systemic
exposure to opioids. Opioid withdrawal can also be treated
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with non-opioid medications such as adrenergic alpha-2
receptor antagonists (e.g., clonidine, lofexidine, guanfacine,
tizanidine), which reduce autonomic symptoms, and other
symptomatic treatments, e.g., benzodiazepines for anxiety,
non-opioid analgesics for pain, or anti-emetics for gastroin-
testinal distress [44].

Given its long half-life, high receptor affinity, and slow
dissociation from receptors, buprenorphine is an attrac-
tive candidate for medically supervised opioid withdrawal.
Patients must manifest at least mild withdrawal to comfort-
ably initiate buprenorphine (see also below), and when initi-
ated at that point, buprenorphine relieves withdrawal symp-
toms. A typical regimen would escalate the dose to relieve
withdrawal over the first 1-2 days, typically to 8—12 mg per
day, and then taper the dose by 2—4 mg per day until discon-
tinued. Large clinical trials have shown that buprenorphine,
dosed in this manner, is more effective than a non-opioid,
clonidine-based medically supervised withdrawal for out-
comes of both withdrawal discomfort and successful com-
pletion of medically supervised withdrawal [45, 46].

5.1 Risk of Relapse and Opioid Overdose
for Medically Supervised Withdrawal
from Opioids

After completion of medically supervised withdrawal
(whether it be via a methadone taper, buprenorphine taper,
or non-opioid medications), the rate of relapse to opioid use
is very high [47]. For example, in a trial among patients
with opioid use disorder dependent on prescription opioids,
over 90% of patients had returned to opioids within the next
2 months after a 12-week period of stabilization and taper
off buprenorphine [48]. Thus, medically supervised with-
drawal by itself is not favored for the treatment of opioid use
disorder, even if followed by intensive inpatient treatment
or ongoing counseling. In fact, the risk of opioid overdose
has been shown to be elevated in the immediate period after
release from inpatient treatment programs or jails where
medically supervised withdrawal would have taken place
[49-52]. Medically supervised withdrawal reduces physi-
ological tolerance, meaning that individuals will be more
sensitive to the effects of opioids, including respiratory
depression that leads to overdose and death.

5.2 Buprenorphine in the Initiation of Naltrexone

Initiation of naltrexone requires that a patient with opioid
use disorder and current physiological dependence first be
fully withdrawn so that little or no opioid agonist remains on
receptors. This is because naltrexone, as an antagonist with
high receptor affinity, will displace opioid agonists still pre-
sent on receptors, producing an abrupt drop in agonist effect
that results in precipitated opioid withdrawal. Precipitated
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withdrawal can be quite severe, and risks driving a patient
from treatment and back to illicit opioids. Buprenorphine
was suggested as a good, medically supervised withdrawal
strategy for a lead-in to naltrexone, on the theory that as
a partial agonist, it can serve as a stepping stone between
full agonists, such as heroin, and antagonists like naltrex-
one [53]. Subsequently, various strategies for medically
supervised withdrawal and transition to naltrexone have
been demonstrated, often involving a combination of a brief
buprenorphine taper with clonidine and other non-opioid
medications helpful in the treatment of withdrawal [44].
Buprenorphine and naltrexone have relatively similar
affinities for the mu-opioid receptor, such that a substantial
dose of naltrexone given to an opioid-dependent individual
who still has buprenorphine on the receptors would displace
buprenorphine. This would then produce a net reduction in
opioid agonist effect, and precipitated withdrawal symptoms.
Clinical experience bears this out and administration of a
full dose of oral naltrexone (50 mg) soon after the last dose
of a buprenorphine taper may precipitate withdrawal. How-
ever, a buprenorphine-naltrexone cross-taper strategy for
initiation of XR-naltrexone has been shown to be feasible,
involving a brief (2-3 days) exposure to low-dose buprenor-
phine (8—10 mg total) and escalating doses of oral naltrexone
beginning with very low doses (1-3 mg per day) [54].

6 Effectiveness of Buprenorphine
for Long-Term Treatment of Opioid Use
Disorder

The main indication for buprenorphine is the long-term
treatment of opioid use disorder, namely opioid maintenance
treatment. Since it was originally suggested as a potentially
useful maintenance agent, numerous controlled clinical
trials have tested the effectiveness of buprenorphine com-
pared to placebo, buprenorphine compared to methadone,
and lower compared to higher doses of buprenorphine. A
recent Cochrane meta-analysis [18], based on a search of
the literature up to January 2013, identified 31 randomized
clinical trials (5340 patients in total across trials) comparing
sublingual buprenorphine to either placebo or methadone
for maintenance treatment of opioid use disorder. Trials
were classified according to the buprenorphine dose con-
ditions studied as either fixed-dose studies (for buprenor-
phine, low dose: 2—-6 mg per day; medium dose: 7-15 mg
per day; or high dose: > 16 mg per day; and for methadone,
low dose: <40 mg/day; medium dose: 45-85 mg/day; or
high dose: > 85 mg/day), or flexible-dose studies, with
medication doses advanced as needed. Trial lengths ranged
between a few weeks to 1 year, and retention in treatment
was the main outcome reported by most trials. Retention in
treatment is, arguably, the most important outcome because

most patients who continue to take an opioid maintenance
treatment (buprenorphine, methadone, or naltrexone) will
either cease opioid use, or use much less. Various measures
of opioid use, other drug use, and functioning were also
reported by some trials.

6.1 Buprenorphine vs. Placebo

In the Cochrane meta-analysis [18], buprenorphine, across
low (2-6 mg per day), medium (7-15 mg/day), and high
(=16 mg/day) doses was superior to placebo in improving
retention in treatment, but only high-dose buprenorphine
(=16 mg per day) reduced opioid use significantly compared
with placebo [18]. This suggests the importance of a higher
dosage to achieve the best effects from buprenorphine.

6.2 Buprenorphine vs. Methadone

In the Cochrane meta-analysis [18], fixed-dose studies found
no significant difference on retention in treatment between
medium-dose buprenorphine and medium-dose methadone,
or between high-dose buprenorphine and high-dose metha-
done. In contrast, flexible dosing, which describes doses
increased as needed to achieve abstinence, is arguably most
relevant to the clinical practice of methadone; this process
yielded significantly better retention in treatment, although
opioid use outcomes were similar. It should be noted that
the raw rates of retention in treatment combined across these
studies for descriptive purposes show high rates of dropout
across conditions. For example, across the 11 flexible dosing
studies (the trials having best overall retention in treatment
rates), retention to study completion was 53% (367/697) on
buprenorphine and 63% (437/694) on methadone.

Similar findings issued from a recent large-scale multi-
site trial conducted in the National Institute on Drug Abuse-
funded Clinical Trials Network, which randomized 1267
patients seeking treatment for opioid use disorder at tradi-
tional opioid treatment programs (i.e., methadone mainte-
nance programs) to maintenance treatment with either meth-
adone (mean dose 93 mg, range 5-397 mg) or buprenorphine
(mean dose 22 mg, range 2-32 mg), flexibly dosed to effect.
The proportion of patients retained in treatment at 6 months
was significantly lower on buprenorphine (46%) compared
with methadone (74%), while urine-confirmed opioid absti-
nence was similar between the two groups [55]. Importantly,
both retention in treatment and abstinence were associated
with higher dosages for both methadone and buprenorphine.
Among patients treated with buprenorphine at the high end
of the dose range (30-32 mg/day), retention at 6 months was
60% although 30% of those still had opioid-positive urine
tests, suggesting that even higher doses might be explored
in future studies. Over a 4-year follow-up of the cohort of
patients from this study, not being on medication (either
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buprenorphine or methadone) was strongly associated with
relapse to opioid use [56].

6.3 Buprenorphine vs. Extended-Release Injectable
Naltrexone

XR-naltrexone (brand name: Vivitrol®) is indicated for the
maintenance treatment of opioid use disorder with a 380-mg
intramuscular injection once every 4 weeks. XR-naltrexone
was FDA approved for the treatment of opioid use disorder
on the basis of a double-blind placebo-controlled trial con-
ducted in Russia that showed XR-naltrexone was superior
to placebo on opioid-negative urine tests and on retention
in treatment [57]. The proportion of patients retained at the
end of the 6-month trial on XR-naltrexone was 53.2%, sug-
gesting a substantial rate of dropout. However, dropout rates
were in a similar range to that observed in other trials with
sublingual buprenorphine [58].

Sublingual buprenorphine was subsequently directly
compared with XR-naltrexone in a 6-month open-label trial
conducted in the National Institute on Drug Abuse Clini-
cal Trials Network, comparing sublingual buprenorphine
(N=287), flexibly dosed to effect (median maintenance
dose: 16 mg/day) with monthly injections of XR-naltrexone
(N=283) [59]. Participants were recruited and randomized
as inpatients, and started on their assigned medication as
soon as possible thereafter. The primary outcome meas-
ure was a binary indicator, termed “relapse,” defined as
either return to regular opioid use according to self-report
or urine toxicology, or dropout from treatment. Among all
randomized patients, buprenorphine was modestly superior
to XR-naltrexone on the primary outcome of relapse, and
on the number of opioid-positive urine tests. The rate of
relapse by the end of 24 weeks was 57% on buprenorphine
vs. 65% on a naltrexone injection. Most of this difference
could be accounted for by the induction hurdle, wherein 27%
of patients assigned to XR-naltrexone did not initiate medi-
cation (most of these subsequently meeting relapse criteria)
while nearly all individuals assigned to buprenorphine suc-
cessfully started on the medication. In a per-protocol second-
ary analysis only considering outcomes for individuals who
were inducted onto the assigned medication, relapse rates
were not significantly different between the two medications.
Again, it is notable that over 50% of patients treated with
buprenorphine in this study failed to be retained in treatment
for 6 months without relapse.

6.4 Summary
Buprenorphine, compared with placebo, improves retention
in treatment at low, medium, and high doses. Compared with

methadone, buprenorphine has lower retention rates but sim-
ilar rates of abstinence among those retained. Higher doses
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of buprenorphine increase retention and abstinence rates.
Buprenorphine is modestly superior to XR-naltrexone in pre-
venting relapse or dropout from treatment and in increasing
abstinence rates—a difference that may be accounted for
mainly by the ease of initiating buprenorphine, compared to
the induction hurdle of initiating naltrexone. Across trials,
retention in treatment for buprenorphine is in the range of
50% or less at 6 months, highlighting the need for strategies
to improve long-term adherence to buprenorphine.

7 Clinical Management Issues
7.1 Importance of Adequate Dosage

A common theme emerging from the above reviewed studies
of buprenorphine for the long-term maintenance treatment
of opioid use disorder is that higher doses are associated
with better retention in treatment and a higher likelihood of
abstinence. Once buprenorphine is initiated, the dose can
be advanced rapidly because its partial agonism limits typi-
cal opioid side effects, including the risk of over-sedation
or overdose. Future research should focus more attention
on dose titration strategies and possibly on exploring doses
beyond the 24- to 32-mg range, which has been the maxi-
mum in most studies to date.

7.2 Initiation of Buprenorphine

Initiation of buprenorphine among patients actively using
opioids, which would include most individuals presenting as
outpatients, requires a delay of the first dose until the patient
begins to manifest at least mild-to-moderate opioid with-
drawal. This is to avoid precipitated withdrawal, which may
occur if there is still substantial receptor occupancy by full
mu-opioid agonists at the time buprenorphine is first given.
Buprenorphine has a greater affinity and binds more strongly
to opioid receptors than heroin, morphine, or other com-
mon opioid analgesics, making it a strongly binding partial
agonist that displaces full agonists from the receptors. This
produces an abrupt net drop in opioid agonist effect, leading
to symptoms of precipitated opioid withdrawal. Precipitated
withdrawal can be more severe than spontaneous withdrawal
(withdrawal that emerges gradually after discontinuation of
agonists), and delirium has been rarely observed [60]. The
recommended procedure for buprenorphine initiation is to
wait for the development of mild-to-moderate withdrawal
symptoms, and to then administer a test dose of 2—4 mg of
sublingual buprenorphine. Typically, the test dose will result
in some relief of withdrawal, which indicates it is safe to
increase the dose. Buprenorphine is typically increased in
2- to 4-mg increments, up to 12 mg total on the first day
and then titrated up over the next 2 days up to 24 mg. When
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it was first approved in the USA, treatment guidelines
suggested that buprenorphine initiation take place under
direct clinical supervision to confirm sufficient withdrawal
symptoms, and to directly observe the response to the test
dose. However, it subsequently has become clear that most
patients can safely initiate buprenorphine at home, follow-
ing instructions to wait for moderate withdrawal to develop,
with phone back-up in case of questions or problems [61].

7.3 Fentanyl and Buprenorphine Initiation

Fentanyl is an ultra-high potency full opioid agonist (50-100
times the potency of morphine), which has now infiltrated
the illicit heroin supply in many parts of the USA. Recently,
it has been noted that large proportions of urine samples
of patients presenting for treatment are testing positive for
fentanyl in many locations [62]. Anecdotal reports suggest
that the presence of fentanyl in a patient’s system is compli-
cating buprenorphine initiation with reports of precipitated
withdrawal occurring beyond the timeframe where it would
normally be expected. This may be owing to the high lipo-
philicity of fentanyl, with fentanyl remaining present in the
brain and on receptors even after urine toxicology no longer
detects it, and/or the high intrinsic activity of fentanyl at
the receptors, such that displacement of fentanyl from even
a small number of receptors produces a substantial drop in
opioid signaling. Thus, greater caution may be warranted
when initiating buprenorphine in the presence of fentanyl.

7.4 Retention in Treatment and the Problem of Poor
Adherence

The above review of the effectiveness trials of sublingual
buprenorphine has highlighted the problem of substantial
rates of dropout from treatment. Dropout carries a high
risk of relapse to opioid use, and relapse carries a risk of
overdose and death—a risk that has been particularly com-
pounded by the emergence of illicit fentanyl in heroin sup-
plies. Multiple reasons likely underlie dropout, including
variable motivation for treatment, ongoing withdrawal
symptoms or craving, overconfidence (believing medica-
tion is no longer needed), or stigma attached to relying on
a medication to treat opioid dependence. More research is
needed on how to improve adherence to buprenorphine treat-
ment. Aggressive dosing and dose escalation, as reviewed
above, are likely to be helpful. Some behavioral treatments
delivered with buprenorphine have also shown promise,
including contingency management (e.g., rewarding patients
for treatment attendance or opioid-negative urine tests [63]
and involving partners/family members to support the treat-
ment plan [64]).

7.5 Duration of Treatment and Risk of Relapse
after Discontinuation

Among patients successfully maintained on buprenorphine,
the question becomes at what point is it safe to discontinue
the medication? Unfortunately, the data on the appropriate
duration of treatment, while limited, suggest a high risk of
relapse to opioid use when buprenorphine (or methadone) is
discontinued. As noted earlier, a large study conducted in the
National Institute on Drug Abuse Clinical Trials Network
found high relapse rates with discontinuation of buprenor-
phine early in treatment [48]. Long-term follow-ups of this
sample, as well as the sample from the comparative effec-
tiveness trial of buprenorphine vs. methadone described pre-
viously [56], show that the strongest predictor of abstinence
from opioids over the long term is being on a maintenance
medication (buprenorphine or methadone).

8 Risks and Side Effects

As an opioid partial agonist, buprenorphine may produce
typical opioid side effects such as constipation and sedation.
The most serious risk in the treatment of patients with opi-
oid use disorder is opioid overdose, which is inherent in the
disorder. Risk of overdose has been increasing in the popula-
tion with opioid use disorder, owing partly to the advent of
the higher potency fentanyl in the illicit heroin supply. Like
other opioids, buprenorphine may suppress respiration, but
less so compared with full opioid agonists. Because of its
high receptor affinity, at adequate doses, buprenorphine will
block the effects of other opioids, protecting against over-
dose. Thus, as with other medication treatments for opioid
use disorder (methadone, naltrexone), the greatest risk of
overdose is the discontinuation of buprenorphine and sub-
sequent loss of the protection afforded. However, overdoses
have also been observed when buprenorphine is combined
with alcohol or sedative drugs, such as benzodiazepines
[65], and in cases of accidental overdose in young children
[66]. Patients should be warned about the risks of overdose
in general, and the potential overdose risk when alcohol or
sedatives are combined with buprenorphine.

Other potentially serious adverse effects listed in
buprenorphine prescribing information include serotonin
syndrome and adrenal insufficiency, although these are
rare. Allergic reactions and local skin reactions to skin
patches, or injected or implanted formulations may occur,
as well as anaphylaxis (rarely). Androgen deficiency can
be a consequence of long-term opioid exposure. Hepatitis
or elevated liver enzymes have been reported to be associ-
ated with buprenorphine treatment. However, a large, rand-
omized, post-marketing liver safety study (START) yielded
no evidence of liver toxicity as a result of buprenorphine
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compared to methadone, which is not thought to be liver
toxic [67]. Elevated liver enzymes in a patient treated with
buprenorphine should prompt consideration of other causes
of hepatitis common in this population, including alcoholic
hepatitis or viral hepatitis.

9 Metabolism and Drug Interactions

The most serious drug interactions involve co-administration
of buprenorphine with central nervous system depressant
drugs (e.g., alcohol, benzodiazepines, also muscle relax-
ants), which may increase intoxication or lead to overdose.
Buprenorphine is metabolized by the hepatic cytochrome
P450 (CYP) 3A4 enzyme to norbuprenorphine with subse-
quent glucuronidation. Thus, when prescribing buprenor-
phine, it is important to be mindful of co-administered
drugs that inhibit or induce CYP3A4 as these may increase
or decrease (respectively) buprenorphine blood concentra-
tions. Buprenorphine functions as an inhibitor of CYP2D6
and CYP3A4, and thus may increase the concentrations of
drugs metabolized by either of those pathways. Prescribing
information for buprenorphine products also suggests cau-
tion with respect to the co-administration of serotonergic
drugs or monoamine oxidase inhibitors owing to the risk of
serotonin syndrome. This, however, is rare with buprenor-
phine and buprenorphine is routinely prescribed with sero-
tonergic medications in clinical practice.

10 Usein Pregnancy

Treatment of women with opioid use disorder who are also
pregnant requires special consideration because of concern
for the health of the fetus and mother and issues of neonatal
abstinence syndrome after birth. Use of agonist medication
for individuals who are pregnant with opioid use disorder
has been studied in several trials. Historically, methadone
has been the treatment of choice for pregnant individuals
with opioid use disorder. Use of methadone maintenance
avoids the requirement for the brief period of withdrawal
before induction required with buprenorphine. Any opioid
withdrawal is generally avoided because of associations
with seizures and death in the fetus, although some have
argued that women may safely undergo medically supervised
withdrawal without increased neonatal risk [68]. Methadone
does have a significant drawback owing to its long half-life
and full receptor agonism, as infants born to mothers who
are maintained on methadone often experience a prolonged
syndrome of withdrawal after birth, requiring treatment in a
neonatal intensive care unit. A large randomized trial called
the MOTHER trial compared methadone and buprenorphine
to determine the relative safety of each in terms of maternal
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and neonatal outcomes. The trial found that buprenorphine
was superior to methadone in terms of a briefer length of
neonatal abstinence syndrome after birth, and that women
were significantly more likely to stay in treatment if rand-
omized to methadone [69]. A meta-analysis of several cohort
and randomized trials has found no difference between the
two treatments in terms of adverse effects on the neonate
[70].

Clinically, buprenorphine without naloxone is considered
a viable alternative to methadone as an option for pregnant
women with opioid use disorder. There may be a greater risk
of dropout during pregnancy compared with methadone, but
less risk of neonatal abstinence syndrome for infants born to
mothers maintained on buprenorphine. For the treatment of
neonatal abstinence syndrome, a recent meta-analysis found
that buprenorphine was associated with a shorter hospital
stay and length of treatment when compared with other
medications such as methadone and morphine [71].

11 Buprenorphine Formulations

The various formulations of buprenorphine for the treatment
of pain and opioid use disorder are summarized in Table 1.

11.1 Sublingual Buprenorphine
and Buprenorphine-Naloxone Tablets and Film

The original formulations of buprenorphine that the FDA
approved for the treatment of opioid use disorder were
sublingual tablets, containing either buprenorphine alone
(original brand name: Subutex®), sometimes referred to as
the “mono product,” and tablets combining buprenorphine
and naloxone (original brand name: Suboxone®). Sublingual
administration is necessary because buprenorphine is well
absorbed through the oral mucosa, but poorly bioavailable
if ingested. Patients need to be instructed on how to use the
sublingual tablets (to hold under the tongue until fully dis-
solved, and not swallow or drink liquids in the time period
surrounding dosing). The addition of the short-acting opioid
antagonist naloxone to buprenorphine was developed on the
theory that this would discourage misuse of the medication
by intravenous injection—naloxone is not well absorbed by
the sublingual route, but it would cause precipitated with-
drawal if injected. The buprenorphine-naloxone combina-
tion product is recommended for maintenance treatment of
opioid use disorder. Buprenorphine alone (the mono prod-
uct) may be preferable for medically supervised withdrawal
where exposure to naloxone might worsen withdrawal symp-
toms, and is also recommended for use during pregnancy to
avoid exposure of the developing fetus to naloxone.
Several generic buprenorphine-naloxone tablets are
now available. Reckitt (the manufacturer of Suboxone)
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concentration

()

20

(brand name, generic name, year

of FDA approval)

Subcutaneous injection in upper

8 mg, 16 mg, 24 mg, 32 mg 5 days

8-32 mg weekly

Long-acting injectable (Buvidal

arm, abdomen, or buttocks;

prefilled syringe

[EU], Brixadi [USA], CAM-
2038 qlw, approval in EU and

forms soft gel in subcutaneous

space

tentative FDA approval 2018)
Long-acting injectable (Buvidal

19-25 days

4-10

64 mg, 96 mg, 128 mg, 160 mg

64—128 mg monthly

prefilled syringe

[EU], Brixadi [USA], CAM-
2038 q4w, approval in EU and

tentative FDA approval 2018)

EU European Union, FDA US Food and Drug Administration, . hours, PRN as needed, g/w every week, g4w every 4 weeks, g6 h every 6 h, g12 h every 12 h

subsequently marketed a sublingual film formulation of
buprenorphine-naloxone that may have the advantage of
faster absorption, and be easier to cut and divide into mul-
tiple daily doses if clinically required. Of note, controversy
developed when Reckitt tried to block FDA approval of
generic buprenorphine tablets, arguing that the tablets car-
ried more risk of accidental ingestion by children and con-
sequent risk of death, whereas a film formulation minimized
this risk. Nonetheless, the FDA has approved the generic
tablets, and generic films [72] are now also available.

11.2 Buprenorphine Implant

An implantable formulation of buprenorphine with a
6-month duration of action (brand name: Probuphine®) was
approved by the FDA in 2016 for long-term maintenance
treatment of opioid use disorder among patients who have
been stable on 8 mg per day or less of sublingual buprenor-
phine. The implant consists of four plastic rods, each con-
taining 80 mg of buprenorphine, inserted under the skin
of the upper arm. Implantation involves a minor surgical
procedure, which is straightforward. However, the rods also
need to be removed after 6 months, which requires further
surgical skill because the rods may migrate, attach to scar
tissue, or fracture during the removal effort. The total dose
of buprenorphine delivered by the implant (320 mg over
6 months, albeit parenterally) is modest, and the steady-state
blood concentrations achieved fall in the 0.5- to 1.0-ng/mL
range, consistent with trough concentrations achieved at
steady state with 8 mg of sublingual buprenorphine.

Findings from clinical trials of the buprenorphine implant
have been consistent with the modest dose delivered and
relatively low blood concentrations of buprenorphine. A
6-month clinical trial among patients with active opioid
use disorder newly admitted to treatment showed that the
percentage of opioid-negative urine tests was relatively
low (31%); this was superior to placebo, and non-inferior
to a sublingual control condition targeting standard doses
(12-16 mg per day) [73]. In contrast, a second clinical trial
among patients stable on 8 mg per day or less of sublingual
buprenorphine showed high levels of sustained abstinence
when patients were started on the buprenorphine implant
with an outcome that was non-inferior to the sublingual
buprenorphine control [74]. This led to the FDA approval
for maintenance treatment of patients stable on 8 mg or less
of buprenorphine. This formulation may be attractive for
patients who wish to be free of the burden of daily dosing,
or as a transition off buprenorphine after a successful course
of treatment. Because of the risks of implantation-site com-
plications, the FDA developed a Probuphine risk evaluation
and mitigation strategy program. This program requires pro-
viders to receive special training to prescribe, and to insert
and remove the implants.
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11.3 Extended-Release Injectable Buprenorphine

A subcutaneous injectable formulation with a 1-month dura-
tion of action (brand name: Sublocade®) has received FDA
approval for the treatment of opioid use disorder following
at least 7 days of transmucosal buprenorphine treatment. The
injection comes in prefilled syringes, which require refrig-
eration until administered. Two dose levels are available:
300 mg (recommended as the starting dose) and 100 mg
(which may be substituted after several months of suc-
cessful treatment on the 300-mg dose). Sublocade uses the
Atrigel® delivery system, which consists of poly (dl-lactide),
lactide/glycolide copolymers, and a biocompatible solvent,
N-methyl-2-pyrrolidone, forming a clear viscous liquid. It
is injected under the skin of the abdomen and forms a solid
depot upon exposure to the subcutaneous space, which then
slowly dissolves over time. The average blood concentra-
tion observed in the month after the first 300-mg injection
(2.19 ng/mL) was comparable to a concentration achieved
between 12 mg/day (1.71 ng/mL) and 24 mg/day (2.91 ng/
mL) of daily sublingual buprenorphine, although the steady-
state values after 4-monthly injections were considerably
higher (6.54 ng/mL after four 300-mg injections; 3.21 ng/
mL after four 100-mg injections) [75].

A higher blood concentration could be an advantage in
terms of achieving full occupancy and blockade of opioid
receptors. A human laboratory study demonstrated that Sub-
locade 300 mg produced complete blockade of the effects
of 8- and 16-mg doses of hydromorphone [76]. Blockade
lasted for 8 weeks after the second injection, suggesting this
formulation may be relatively forgiving to missed doses, or
doses delivered later than the recommended 1-month inter-
vals, as the blood concentration remains at therapeutic con-
centrations for some time beyond 4 weeks. This is a potential
advantage among patients having difficulty with adherence
to treatment. A phase III placebo-controlled clinical trial
confirmed the superiority over placebo of regimens of a
300-mg injection monthly, or 300 mg for the first 2 months
followed by 100 mg for the last 4 months, with just under
30% of patients achieving an 80% or greater proportion of
opioid-negative urine tests over the 6-month trial. This trial
did not include a sublingual buprenorphine comparison con-
dition [75].

A second long-acting injectable formulation,
CAM2038, is not yet marketed in the USA, but has had
a successful phase III trial [77]. Approval was recently
granted by the European Medicines Agency under the
brand name Buvidal® and tentatively by the FDA under
the brand name Brixadi®. CAM2038 comes in prefilled
syringes for subcutaneous injection, with a range of
weekly doses containing 8 mg, 16 mg, 24 mg, or 32 mg,
and monthly duration doses containing 64 mg, 96 mg,

128 mg, or 160 mg, corresponding to sublingual doses
ranging from the 8-mg/day to the 24- to 32-mg/day range.
Thus, there is flexibility to titrate the dose. Unlike Sublo-
cade, CAM2038 does not require refrigeration. CAM2038
formulates buprenorphine into a lipid-based liquid crystal
technology, which transforms from an injected liquid to a
solid gel upon entry into the subcutaneous space. The gel
then slowly releases buprenorphine over either the 1-week
or 1-month timeframe. A human laboratory study has
demonstrated blockade of the effects of 6 mg and 18 mg
of intramuscular hydromorphine over the week after the
weekly 24-mg and 32-mg CAM?2038 doses [78]. In a phase
IIT clinical trial with sublingual buprenorphine as the
control (flexibly dosed up to 24 mg/day) vs. a CAM2038
flexibly dosed weekly formulation for the first 12 weeks,
then a monthly formulation for the subsequent 12 weeks,
CAM?2038 was non-inferior to sublingual buprenorphine
on the primary outcome variable reflecting sustained absti-
nence, and superior on secondary outcomes, including
opioid-negative urine tests over time [77].

In summary, the long-acting injectable formulations of
buprenorphine seem likely to be useful additions to the
therapeutic armamentarium for the treatment of opioid use
disorder. They may be considered particularly for patients
where adherence to daily sublingual buprenorphine is a
problem.

12 Conclusions

Since its discovery in 1966 and the initial proposal for
its use as a treatment for opioid use disorder in 1975,
buprenorphine has been shown to be effective for the
treatment of pain and medically supervised withdrawal
or maintenance treatment of opioid use disorder. It is now
widely used worldwide for the treatment of opioid use dis-
order, although most patients with opioid use disorder are
still not receiving effective medication treatment, and more
effort is needed to disseminate buprenorphine therapy
across health systems. Numerous studies and meta-analy-
ses have concluded that buprenorphine, at sufficient doses,
is safe, improves treatment retention, and decreases illicit
opioid use. In addition to its activity on the mu-opioid
receptor, buprenorphine may also have therapeutic effects
on mood through antagonism of the kappa opioid receptor.
Although generally safe, there remains a risk of diversion,
sedation, and overdose, especially when combined with
other substances. Newer long-acting parenteral formula-
tions of buprenorphine, mainly the long-acting injections,
have the potential to improve adherence and thus expand
on the effectiveness and dissemination of buprenorphine.
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